Information concerning comparison of three widely spread European species of Impatiens along wider geographical areas is still missing. The present study is aimed at comparing genetic variability at RAPD and ISSR loci of Impatiens noli-tangere, I. parviflora, and I. glandulifera, covering a marked geographic area. Twenty four populations of these Impatiens (eight populations of each species) from two countries (Lithuania and Czech Republic) were examined. Eight randomly amplified polymorphic DNA (RAPD) and 5 inter simple sequence repeat (ISSR) markers were chosen considering the lack of data on the general molecular characteristics of Impatiens. The highest genetic differentiation at RAPD loci (G ST = 0.81) was characteristic of I. parviflora, and the highest genetic differentiation at ISSR loci (G ST = 0.73) was documented for I. glandulifera. According to Nei's genetic distances between two species populations, significant correlations were determined for I. noli-tangere and I. parviflora (r = 0.79; p < 0.05) and for I. parviflora and I. glandulifera (r = 0.76; p < 0.05) based on RAPD loci and for I. parviflora and I. glandulifera (r = 0.89; p < 0.05) based on ISSR loci. According to the mean values of polymorphism, genetic differentiation and Nei's genetic distances between two species populations at RAPD loci, the closest were I. noli-tangere and I. parviflora, while at ISSR loci, the most similar were invasive species, I. parviflora and I. glandulifera. UPGMA dendrograms revealed that the closest species were I. noli-tangere and I. parviflora by both RAPD and ISSR data. In conclusion, our study did not show unambiguous results about similarity between Impatiens species.
INTRODUCTION
The touch-me-not balsam (Impatiens noli-tangere L.) is present as a native species in almost all European countries. This Impatiens species is found mainly in the temperate zone, that is why it is absent in Spain, Greece, and northern part of Scandinavia (Hatcher, 2003) . It is naturally growing in many Asian countries, like Russia, Japan and Mongolia. In North America, I. nolitangere is present in regions from south Alaska to Washington State. Invasive areas of this species have not been described, with exception of one note that in some places of Great Britain it is alien (Hatcher, 2003) . Such statement has no further support from other studies.
The small balsam (Impatiens parviflora DC) is native in Afghanistan, Kazakhstan, Turkmenistan, Uzbekistan, Tajikistan (Tanner, 2008) . It is an invasive species across Europe, including northern countries of Scandinavia and southern countries near the Mediterranean Sea (Coombe, 1956 ); also it is an invader of North America, being documented for west Canada and almost all United States (Tanner, 2008) .
The native region of the Himalayan balsam (Impatiens glandulifera Royle) is limited to a small area of Asia, covering a 40 km belt of the Himalays mountains belonging to four neighbouring countries (India, Pakistan, Nepal, and China) (Beerling, Perrins, 1993) . In the remainder part of Asia and in other continents like North America, Australia and Europe, it is an invasive species documented for Russia, Canada (Clements, 2008) , USA (Tanner, 2008) , New Zealand, Central Europe to northern countries, Britain and Ireland (Beerling, Perrins, 1993) .
Hereby, I. glandulifera and I. parviflora are characterized as invasive plants growing in most parts of Europe (Coombe, 1956; Helmisaari, 2010) .
There are overlapping areas of I. noli-tangere, I. parviflora, and I. glandulifera in Europe and North America, so this fact may lead to a native I. noli-tangere colonization by alien species of the same genera.
Favourable conditions for invasion of these two alien Impatiens species are created by natural and mainly anthropogenic factors such as ground water level change and flooding of rivers (Csiszar, Bartha, 2008) , destroyed vegetative cover (Dobravolskaitė, 2012) , neglected and unattended territories, destruction of forests, planting in gardens, and other favourable factors (Gudzinskas, 1998) . A very important reason of invasion is the fact that an alien species may colonize new eroded places faster due to its better capabilities for adaptation. The small balsam could exist in areas which are too dry and shaded for I. noli-tangere, and I. glandulifera could survive in open light-demanding areas, which are not suitable for a native one (Čuda et al., 2014) . There are some areas of coexistence of all three Impatiens species in Central Europe (Čuda et al., 2014) . There are some habitats where both native and alien species can coexist naturally in the Eastern Baltic area (Kupcinskiene et al., 2015) . These circumstances help indicate what differences are between invasive and native species (Vervoort, Jacquemart, 2012) and what specific characters are beneficial for invaders. I. parviflora and I. glandulifera are more adaptive to unfavourable environment conditions than I. noli-tangere (Godefroid, Koedam, 2010) . Similarities of these territories led to an evolutionary plant adaptation to the local climate (Skalova et al., 2011) and might get reflection on the molecular level.
The randomly amplified polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR) marker methods are applicable to many species of plants around the world (Nybom et al., 2014) , because they are inexpensive and fast, do not require special information about the species; in addition, DNA loci cover various places of genome. Studies using these methods have been successfully conducted since 1990 (Williams et al., 1990). Nowadays, these methods are still widely used in comparing crop varieties or populations (Dabkevičienė et . The methods mentioned above are chosen considering the lack of data on the general molecular characteristics of Impatiens. As invasive Lithuania species, I. glandulifera (Zybartaite et al., 2011) or I. parviflora (Kupcinskiene et al., 2011; Kupcinskiene et al., 2015) populations were separately investigated by dominant markers, but information covering comparison of three Impatiens species along wider geographical areas is still missing. The wider the geographical area, the bigger differences might be expected concerning adaptation to the local climate and edaphic conditions. These differences might get reflection in DNA loci examined by RAPD and ISSR markers.
Interspecies studies are needed to check if the species might be separated employing some genetic markers. Interspecific interactions between balsam species are important to know when solving plant invasion problems. There are favourable conditions to compare Impatiens of a wider geographical region of Europe, because there are many places where three Impatiens species are growing beside or in close vicinity.
The present study is aimed at comparing genetic variability at RAPD and ISSR loci of three European species of Impatiens covering a marked geographic area.
MATERIALS AND METHODS

Plant material
I. noli-tangere, I. parviflora, and I. glandulifera were collected in 2012. Eight populations of each 3 Impatiens species growing beside or at a small distance were sampled in Lithuania (Anykščiai -Any, Varėna -Var, Kaunas -Kau, Juodkrantė -Juo) and in Czech Republic (Potstejn -Pot, Polabí, Velký Osek -Pol, Celina -Cel, Cernetice by Volyne -Vol). The population sampling included territories along 56°20′ -49°14′ latitude (N) and 25°30′ -13°89′ longitude (E); location details are described earlier (Kupcinskiene et al., 2015) . Each plant sample included the top of the shoot without any abiotic or biotic damage. Detached plant parts were transferred to the bags with silica gel. Top leaves were taken and cooled at -20 °C temperature in the laboratory of the Department of Biology (Vytautas Magnus University).
DNA extraction, RAPD and ISSR analyses
For DNA extraction, the DNA Purification Kit (#KO512, Thermo Scientific, Lithuania) was used. To measure concentration and to determine purity of DNA, a spectrophotometer NanoDrop 2000 (Thermo Fisher Scientific, USA) was used. RAPD and ISSR primers were used as it was described earlier (Kupcinskiene et al., 2015) . Markers employed were OP-A20, OP-D20, 222, 250, 269, 340, 474, 516 (RAPD) and ISSR2, ISSR3, ISSR4, ISSR5, and ISSR6 (ISSR). For polymerase chain reaction, a thermo-cycler Mastercycler gradient (Eppendorf, Germany) was used. PCR products were realized in 1.5% agarose gel electrophoresis. RAPD data was collected based on Williams et al. (1990) method, with some modifications.
Statistical analysis
Electrophoresis images were analyzed using the GeneRulerTM 1 kb DNA Ladder Plus (Thermo Scientific, Lithuania) ruler. The presence (1) or absence (0) of DNA fragments of a particular fragment size was determined and a data sheet was composed.
DNA polymorphic loci (P%) were counted and analyzed using Genetic Analysis in Excel (GenAlEx) version 6.4. Genetic differentiation (G ST ), genetic flow between populations (N m ), and Nei's genetic distances (GD) were calculated with PopGene, version 1.32 (Nei, 1978) . According to Nei's genetic distances (GD), populations were grouped into the clusters using an unweighted pair group method with arithmetic mean (UPGMA).
RESULTS AND DISCUSSION
The highest polymorphism (P%) for all three Impatiens species was documented at ISSR loci compared to RAPD loci or RAPD + ISSR loci (Fig. 1) . According to the mean values (for all populations of each species) of this parameter at RAPD loci, the closest were I. noli-tangere and I. parviflora (mean P% = 13.9% and P% = 17.3%, respectively). The minimum difference of average of polymorphic loci based on ISSR data was between I. parviflora and I. glandulifera (mean P% = 26.5% and P% = 22.0%, respectively).
The greatest genetic differentiation according to RAPD markers was in I. parviflora populations (G ST = 0.81) and the lowest in I. glandulifera populations (G ST = 0.61; Table 1 ). The results of gene flow between populations were opposite ISSR markers data, the highest genetic differentiation (G ST = 0.73) and the lowest gene flow (N m = 0.18) were visible between I. glandulifera populations. However, the lowest genetic differentiation was in I. noli-tangere populations (G ST = 0.36), where gene flow was the highest (N m = 0.89). To sum up these results, I. nolitangere and I. parviflora were similar species at RAPD loci, while invasive balsams were similar at the ISSR markers. There is evidence to argue about genetic differentiation importance for the invasion process in rapidly changing conditions (Bossdorf et al., 2005) , and this is noticeable in our studies. Both invasive species, I. parviflora and I. glandulifera, had, respectively, the highest genetic differentiation at RAPD loci and the highest genetic differentiation at ISSR loci. This could cause these species' The pairs of Impatiens species were compared according to correlations between population Nei's genetic distances defined for RAPD and ISSR loci. Nei's genetic distances at RAPD loci significantly correlated for I. noli-tangere and I. parviflora (r = 0.79; p < 0.05) and for I. parviflora and I. glandulifera (r = 0.76; p < 0.05); correlation was not observed in case of I. noli-tangere and I. glandulifera comparison (r = 0.49; p > 0.05). Nei's genetic distances at ISSR loci significantly correlated for I. parviflora and I. glandulifera (r = 0.89; p < 0.05); correlation was not observed in case of I. nolitangere and I. parviflora comparison (r = 0.36; p > 0.05) and for I. noli-tangere and I. glandulifera (r = 0.38; p > 0.05). Relying on the mentioned data, the highest correlations were between I. parviflora and I. glandulifera at ISSR loci. Our data suggested that among three pairs of Impatiens species, the paired I. parviflora and I. glandulifera (invasive species) were significantly the closest to each other according to correlations of Nei's genetic distances defined at ISSR loci.
According to the UPGMA dendrogram of genetic relations among populations of I. nolitangere and I. parviflora based on RAPD data, the species did not branch into different clades, either species separated similarly based on ISSR markers and RAPD + ISSR markers data (Fig. 2a) . I. noli-tangere and I. glandulifera species population comparison UPGMA dendrograms based on RAPD, ISSR, and RAPD + ISSR data showed that species were clearly detached by the RAPD and ISSR markers, but were not by conjugated markers data (Fig. 2b) .
Nevertheless, we suggested segregating I. nolitangere and I. glandulifera as different species. UPGMA dendrograms based on RAPD, ISSR, and RAPD + ISSR markers revealed I. parviflora and I. glandulifera populations as distinct groups by RAPD data and by conjugated markers data, while ISSR markers data showed scattered populations (Fig. 2c) .
The UPGMA dendrogram of genetic relations among populations of I. noli-tangere, I. parviflora, and I. glandulifera (8 populations for each species) based on RAPD data revealed I. glandulifera as the most distinct species, all populations of which formed separate clades, while I. noli-tangere and I. parviflora were scattered, I. parviflora in particular (Fig. 3) . . parviflora, and I. glandulifera (8 populations for each species) based on RAPD, ISSR, and RAPD + ISSR data, using UP-GMA algorithm and Nei's genetic distances: a) -dendrograms of I. parviflora and I. noli-tangere, b) -dendrograms of I. glandulifera and I. noli-tangere, and c) -dendrograms of I. parviflora and I. glandulifera. In the dendrograms, the title of each population comprises species name (N -I. noli-tangere, P -I. parviflora, G -I. glandulifera) and abbreviated titles of populations (Any, Var, Kau, Juo, Pot, Pol, Cel, Vol)
Similarly, the UPGMA dendrogram based on ISSR data revealed I. glandulifera as the most distinct species, the populations of which formed two related clades, and the populations of the other two Impatiens species did not behave in the same manner. For separation of Impatiens species, the UPGMA dendrogram based on combined RAPD and ISSR data was not helpful at all. Our dendrograms based on RAPD or ISSR data for three Impatiens species showed bigger similarity between I. noli-tangere and I. parviflora: they did not form separate clades. This was also true when comparing the mean values of polymorphism at RAPD loci of these two species. It is in agreement with a bigger morphological similarity (height of the plant and size of the flowers) between I. noli-tangere and I. parviflora and indicatory values of their habitats (values for each factor ranging between 1 and 9; Ellenberg et al., 1992). I. noli-tangere and I. parviflora were determined as similar species by several features of their environment: light demand (4), climate type (5), and nitrogen quantity in soil (6) . I. glandulifera and I. parviflora were characterised as similar only in the requirement for soil reaction (7) .
According to correlations between population Nei's genetic distances defined for ISSR loci, I. parviflora and I. glandulifera were more similar to each other, compared to the other pairs of Impatiens species. It is in support to phylogenetic similarity between I. glandulifera and I. parviflora according to phylogenetic trees of combined ITS and atpB-rbcL spacer data (Janssens et al., 2009) .
Our study did not show unambiguous results. It might be due to the fact that selected RAPD and ISSR markers trigged Impatiens loci responsible for different features and functions. Balsaminaceae species, including three Impatiens species studied by us, were compared using DNA sequencing (Janssens et al., 2006; Janssens et al., 2009) . Relations between three Impatiens species differed depending on the scope of loci selected for sequencing. In . parviflora, and I. glandulifera were allocated in parallel clades. Molecular markers are important to determine invasion pathways and genetic variation of introduced plants (Bossdorf et al., 2005) . For further comparisons of three European species of Impatiens, extension of population geography and molecular markers is required.
CONCLUSIONS
1. The present study revealed that I. noli-tangere and I. parviflora were the most similar species by polymorphic loci (P%), genetic differentiation (G ST ), UPGMA dendrograms based on RAPD and ISSR data, also based on RAPD data correlation between Nei's genetic distances among pairs of populations of these two species.
2. Among three pairs of Impatiens species, the paired I. parviflora and I. glandulifera (invasive species) were the closest to each other according to significant correlations of Nei's genetic distances defined at ISSR loci.
3. Our data suggested that I. noli-tangere and I. glandulifera were the most different species by almost all investigated parameters based on RAPD and ISSR markers.
